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[ FINAL COMPRIEENSIVE REPORT

For the Period of 1 January 1963 through 29 February 1964

ii Contract No. DA18-108-AMC-80(A) CP3-9800

I

I I. INTRODUCTION

This is the last in a series of progress reports to be su.nmitted

under the terms of contract No. DA18-108-AMC-80(A) CP3-9800.
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I
SII. RESUME OF ACCOMPLISHMENTS

During the period of investigation of this contract, tests wre

conducted at both the Aircraft Armaments, Inc. and the Army Chemical Center

test facilities to evaluate different methods of disseminating various selected

I simulants by means of a Telecartridge cup sealed dispenser.

The initial task to be carried out was broken dlown into three stages.

The first stage consisted of the design of a dissemination test fixture. The

Ssecond stage involved the acquisition of the necessary hardware. The third

stage consisted of the development of propellant charges and n(,zzl(, confi..ura-

I tions to produce various pressure ranges corresponding to the different con-

figurations of telecartridge dispensers.

During January of 1963, an existing 40 millimeter test fix<ture

was modified to use the latest designs of dissemination nozzles.

On January 24, 1963, this fixture along with hardware for beth

Sliquid and powder dissemination was delivered to H. Rosen at the Arniy Chei4cal

[ C vn tor.

Throughout the early months of the contract, another xi;tin• f-:tnre

Sfor use with telecartridge dispensers was modified and used in the tcstilug

of nozzles and other variables and the gathering of data.

SThe first tests were conducted at Aircraft Armamcnts, Inc. using

water as the simulant. At this time development was be,4un on each of sevwral

different nozzles which were felt to be capable of prodtolng small aerosol

particles in the range of 10 microns (Mt). Figure I is a layout of the

first test fixture with the 6-hole nozzle. Each of these nozzles was then

2
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proof tested at the Aircraft Armaments, Inc. test facilities under varying

conditions of simulant and powder charge. After a series of successful shots

in each category, the unit was taken to the Army Chemical Center's test

facilities for tests to measure the unit's dissemination characteristics.

During this period there were three nozzle configurations tsted.

These included: (1) a 6-hole nozzle with one-sixteenth inch diameter holes,

I (2) a 16-hole nozzle with .039 inch diameter holes and (3) a 92-hole nozzle

with .016 inch diameter holes. A schematic of each of these nozzles is shown

in Figures 2, 3 and 4, repsectively. These nozzles were tested using propellant

I charges of 20, 30 and 40 grains of I1R 5010 propellant with 10 percent hy

weight of AR-4 Black Powder as a booster. These charges produced peak prossUres

of approximately 5,200 psi, 7,800 psi and 10,800 psi, respectively. The

tests conducted during this phase were made with each of three different

I simulants. The three simulants used were (1) Dimethyl Hydrogen Phosphite (1*1Wir),

(2) varying concentrations of egg albumin in carbon tetrachloride in slurry

form and (3) BIS (2 ethylhexyl) Hydrogen Phosphite.

Also during this period, a method was devised and tested at the

Aircraft Armaments, Inc. test facilities to disseminate dry powders. The

[ method consisted of using a pusher rod surported between a pusher disc and

the rupture disc. When the propellant was fired, the rod broke the rupture

disc before any packing of the powder took place. Several tests were conducted

[ in which the unit functioned properly but it was decided that this method of

dissemination would not produce particles of a satisfactory size so no further

I tests were made with this apparatus.

I
k
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I
During this period it was decided to adopt a new method of tele-

I cartridge disseminator function. This change was directed toward a more

positive functioning unit for powders and slurries based on current develop-

ment work on other programs at Aircraft Armaments, Inct

1 While existing hardware was being modified to facilitate this chan;.e,

certain studies were made which led to further changes in the test fixture.

I The main change was the decision to design and build a new test fixture caipahle

of being fired with peak pressures of 35,000 psi. The decision to use these

pressures, which necessitated the design of the new test fixture, came about

I through data gathered from an article in the American Rocket Society Journal,

April 1959, page 256. This article dealt with the study of producing small

aerosol particles by injecting a fluid stream into a moving air stream. Althou',h

this was not the same situation we were involved in, it was felt that this dota

could be used to gain aerosol particles in the range of 10 microns (11))

I decided necessary for good percentages of fill-airborne for non-volatile simu-

lants. In the report is a graph of data collected which is a plot of relative

air velocity against the mean particle size obtained and the pressure required

to produce such velocities. Using 10 microns (HMD) as the desired result and

i entering the graph it was found that a relative air velocity of about 1,680 feet

per second was required. Further interpolation showed that a pressure of about

19,000 psi was needed to obtain such velocities. After making an estimate of

the possible difference between the two methods of injection, it was decided

that the unit would be fired with peak pressures of approximately 35,000 psi.

'I
Ui
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These higher peak pressures also necessitated a change to nickel

cups from aluminum for their added strength. Also at this time new hardware

to go with these cups was designed and fabricated.

While awaiting the delivery of the nickel cups, additional t, sts

with the high pressure test fixture were made up to peak pressares of about

20,000 psi to check the units function.

Also at this time computations were made to find the atiount of pro-

pellant charge necessary to produce the desired working pressures. The equi-tion

used was:

PV
F x [2

where: C - charge weight - lbs.

P - peak pressure - lbs-in
2

V - initial volume - in 3

F - constant based on the propellant used - ft-Ibs!]'

Substituting:

C 35000 x 3.12330000 x 12

C - .0275 lbs.

S1 .0275

4533.6 C

C1 a 12.50 grams

C1 - 12.50 x 15.43

C - 193 grains

* Warren, Francis A., Rocket Propetllants, p. 73-76, New York, Reinhold

, •Publishing Corporation, 1958

U
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I For the standard cup this figure compared favorably with an actual charge of

about 215 grains needed to obtain peak pressures of 35,000 psi. Variations

of the propellant constants shows that for a given charge, the peak pressure

I can be adjusted by varying the type of propellant and the web size.

In addition, computations were made based on decay curves from which

particle sizes may be directly determined at any time interval for particles

falling from a given height. Calculations below were made using the Army

Chemical Center's test chamber. The basic formula is:

V * V-KSD
2

where: V - velocity - ft/min

SK - .0059 for a sphere in air

S - specific gravity of droplet (assume water 1)

D - diameter of droplet in microns

Substituting: - for V, we havet

4.5 KSD 2

t t

I t= 4.5

.0059 x 1 x 102

t - 7.62 minutesI
In addition to the above calculations, an analysis was made to predict the particle

size distribution for a particular test shot for comparison with results from

the Army Chmical Center. This analysis involved taking a typical time-pressure

curve and interpolating from a curve, drawn from the American Rocket Society

I * liz�, C.F., Jr. Alleys R.P., Physical Lavs and Effects, p. 203, John Wiley
& Sos, ZInc.# New York, 1958.
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Journal, to obtain the relative stream velocity corresponding to each point

on the pressure curve. From this it was possible to perform an integration over

the velocity curve to obtain a particle size distribution related to the

various points on the velocity curve.

A layout of the new high pressure test fixture with the vwnturi orifice

nozzle and standard Telecartridge dispenser is illustrated in Figure 5. To

be tested at high pressures, in addition to the nozzle designs already produced,

was a new type of nozzle using a venturi orifice shown in Figure 6. This

nozzle incorporated the venturi feature in order to gain some diffusion effect

to help in breaking up the stream into finer aerosol particles. In the operAtil-n

of this nozzle, the fluid is first forced through one of four passageways and

then into a swirl chamber. From here it is forced through the venturi into the

surrounding air. After developing the propellant charge to produce the desired

flow rate, this unit was taken to the Army Chemical Center for tests of its

dissemination characteristics. High speed motion pictures were also taken of

the unit at Aircraft Armaments, Inc. Comparison of results from both sources

indicates the failure of the unit to perform as expected was due to a lower

discharge coefficient, through the passageways, than expected. This effect

caused a large percentage of the fluid to be emitted at a much lower velocity

than that required to produce the desired particle sizes. Much of this slower

fluid simply fell in large droplets on the floor in front of the unit.

The next nozzle tested under the same conditions of peak pressure

was a 16-hole nozzle with one-sixteenth in diameter holes shown in Figure 7. An

analysis of tests and movies of this nozzle seemed to indicate that its failure

to produce particles of the desired size was due to an interaction of particles.

-AWN

ao
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I It appeared in the films that after the initial streams of fluid had come in

j contact with the still air in front of the nozzle they were slowed down

considerably. However, ensuing particles are entering a moving atnosphcre,

caused by preceeding particles, and, therefore, travel at higher velocities.

These later particles then overtake the initial particles and are then in a

1 position to recombine to form larger particles.

These results led to a modification consisting of irserting a plu.;

in the Telecartridge dispenser to decrease the actual simulant volume by about

one-fifth of its original volume. Figure 8 shows the Telecrtrid,.'e disle:.-tir

configuration used for this unit. It was felt that this change would ,Lluw thli

I first streams to mix with the air and form small particles with a mini::tum. a'wI,'it

of fluid following to recombine into larger particles. This unit was thit

tested at the Army Chemical Center facilities to measure its dissemitation

characteristics. The results of the tests showed the particle sizes of the

droplets picked up on the fall out slides to be smaller than thnse of any

previous tests. However, results of tests on percent fill-airborne were no

[ better than previous tests. These poor results m.ay have been caused by the fact

that the volume of simulant disseminated was small enough that it was near or

[ below the vapor concentration that can be effectively assessed by this type of

sampling technique.

i The next unit tested consisted of a Telecartridge dispenser filled

approximately three-quarters full of a dry simulant powder (egg albumin). The

unit was then sealed by a rupture disc with a threaded extension to accept a

mini-check valve. The unit was then loaded with nitrogen gas to an internal

pressure of about 450 psi. When the unit is fired a sleeve inside the Telecartridge
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actuator breaks the rupture disc allouing the nitrogen to escape carrying the

albumin with it before any packing action occurs. Tests at Aircraft Armaments,

Inc. looked very good with the amount of residue in the unit being negligabte

as compared to slurry shots where the albumin was packed into tLe areas around

the flange of the Telecartridge cup seal and the sleeve, However, the actual

test shot at the Army Chemical Center contained only 200 psi of nitrogen. An

Sillustration of the Telecartridge cup seal configuration for this shot is shown

in Figure 9.

SThe last nozzle constructed for testing was a flat plate with a single

.010 inch diameter hole, shown in Figure 10. Prelir,•inary shots at Aircraft

I Armaments, Inc. functioned properly with indications that the cloud rro('uced

( was tall and thin. However, as the propellant charge was increaset to obtain

higher peak pressures near 35,000 psi, a problem of sealing the unit was de-

veloped. Because of the difficulties encountered and the short time remaining

on the contract, further testing of this configuration was halted for lack of

I time to design and fabricate the necessary hardware to seal the unit. The

layout of the Telecartridge cup seal configuration for this type of shot is

given in Figure II.

I A table has been set up in Figure 12 which lists each of the shuts

fired at the Army Chemical Center and gives data on the variables involved in

I the tests. Also tabulated is the percent fill-airborne for each shot corres-

ponding to particles of 10, 25, 50 and 100 microns (,T4D). The percentages have

been left out for D901P, however, for particles of 50 and 100 microns (tM))

I because of volatile simulants at these short times.

Iii
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Charge Max. Peak Pressure
Run No. grains (psi) Simulant Nozzle

633 35 9,550 DMIIP 6 - .0625" Dia. Holes

634 37 10,200 DM4IP 6 - .0625" Dia. Holes

635 40 10,800 DMHP 6 - .0625" Dia. Holes

636 30 7,800 DMEP 6 - .0625" Dia. Holes

637 20 5,200 DMIP 6 - .0625" Dia. Holes

643 20 5,200 DMHP 6 - .0625" Dia. Holes

644 30 7,800 DMH{P 6 - .0625" Dia. Holes

645 40 10,800 DMHIP 6 - .0625" Dia. Holes

646 20 5,200 DMHIP t6 - .G39" Dia. Holes

648 40 10,800 DM11P 16 - .039" Dia. Holes

209 20 5,200 20% Egg Albumin 16 - .039" Dia. Holes

210 30 7,800 20%. Egg Albumin 16 - .039" Dia. Holes

211 30 7,800 20% Egg Albumin 16 - .039" Dia. Holes

218 30 7,800 10% Egg Albumin 16 - .039" Dia. 11oles

220 30 7,800 30% Egg Albumin 16 - .039" Dia. Holes

224 20 5,200 10% Egg Albumin L6 - .039" Dia. Holes

225 20 5,200 15% Egg Albumin t6 - .039" Dia. Holes

251 30 7,800 15% Egg Albumin 16 - .039" Dia. Holes

252 20 5,200 30% Egg Albumin 16 - .039" Dia. Holes

253 30 7,800 20% Egg Albumin 16 - .039" Dia. Holes

649 20 5,200 BIS 92 - .016" Dia. Holes

650 30 7,800 BIS 92 - .016" Dia. Holes

672 185 35,000 BIS Venturi Orifice

673 185 35,000 BIS Venturi Orifice

674 220 35,000 BIS 16 - .0625" Dia. Holes

675 220 35,000 BIS 16 - .0625" Dia. Holes

675 170 35,000 BIS (low capa-ity) 16 - .0625" Dia. Holes

371 30 B.P. Egg Albumin -

TABULATTON OF DATA FROM ACC TES]

FIGURE 12

//
/|k~~
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% Fill 7, Fill % Fiil % Fill

Nozzle 10 Microns 25 Microns 50 Microns 100 Microns

6 - .0625" Dia. Holes 44.0 15.4

6 - .0625" Dia. Holes 44.6 28.1

6 - .0625" Dia. Holes 52.0 30.8

6 - .0625" Dia. Holes 42.5 17.1

6 - .0625" Dia. Holes 48.4 20.4

6 - .0625" Dia. Holes 40.0 52.2

6 - .0625" Dis. Holes 45.2 60.0

6 - .0625" Dia. Holes 60.2 54.4

16 - .039" Dia. Holes 47.8 32.2

16 - .039" Dia. Holes 48.1 46.9

n 16 - .039" Dia. Holes 11.9 15.1 16.9 17.1

n 16 - .039" Dia. Holes 8.2 18.2 25,0 29.2

n 16 - .039" Dia. Holes 8.0 28.4 38.1 43.0

n 16 - .039" Dia. Holes 13.2 58.0 75.3 85.7

n 16 - .039" Dia. Holes 1.8 11.0 14.3 15.0

n !6 - .039" Dia. Holes 9.1 15.0 17.3 18.1

in 16 - .039" Dia. Holes 5.1 12.0 12.1 12.1

n 16 - .039" Dia. Holes 3.9 24.1 35.6 42.0

n 16 - .039" Dia. Holes 1.1 6.0 7.2 7.5

n 16 - .039" Din. Holes 2.3 11.5 15.0 16.1

t2- .016" Dia. Holes 1.3 5.2 7.1 7.8

92- .016" Dia. Holes 1.3 7.1 11.0 12.0

Venturi Orifice 1.2 15.5 22.0 24.1

Venturi Orifice 1.4 21.1 33.0 39.0

16 - .0625" Dis. Holes 1.0 41.1 70.0 83.0

16 - .0625" Dia. Holes 11.1 39.0 50.0 53.5

ity) 16 - .0625" Dia. Holes 4.1 29.2 76.0 92.0

.... 14.8 62.7

TABULATION OF DATA FROM ACC TESTS

FIGURE 12

i / I
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III. RESULTS

After esta'lishing the time-pressure curve relatiorships for a parti-

cular unit configuration, a series of tests was scheduled at the Army Chertiical

Center test facilities.

The first such series was made using a nozzle drilled with 6 holes

one-sixteenth of an inch in diameter. The simulant tt~std!( in this series was

Dimethyl Hydrogen Phosphite (DMflP)., The powder char.es used were 20 grains,

30 grains, and 40 grains of DMR 5010 propellant, Included with these chiarg~es

as in all shots was 10 percent by wcight of AR-4 Black Powder as anl igriit. r.

Figure 13 lists the data for this series ccrresponding; to the curves in

Figure 14. The curves represent a plot of the percent fill-air.'erne against tine.

In eachi case an increase in charge of 10 grains produced an increase in percent

fill-airborne of approximately 15 percent at eachi time interval.

The next two shots involved testing DM~lP in the unit w~ith the 1' -hole

nozzle. Data in Figure 15 for a 20 and 40 grain chargc is plettet" in Figure 16.

These tests at peak pressures corrosponding to the previous scries die. produce

percent fills-airborne significantly better than the 6-hole nozzle.

The following two series of shots were made with egIg albumin in a

slurry with carbon tetrachloride In varying percentages. The nozzle used in

both series was again the 16 hole nozzle. Data for the first series made with

30 grains of IMR 5010 propellant is given in Figure 17. The slurries in this

series contained 10, 20 and 30 percent egg albumin in carbon tetrachloride, by

weight. Figure 18, containing the plots of these three shots, shows an average

increase in percent fill-airborne of 75 percent for each 10 percent decrease in

r ~egg albumin concentration.

V,'
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I

i Run No: 643 644 645

Charge (grains): 20 30 40
Simul1a n t: DMHPI Dl'fG P Dbll P

Nozzle: 6 - 1/16" holhs 6 - 1/16" hohcs 6 - 1/16" hImcts

Peak Pressure (psi): 5,200 7,800 10,800

I Time

1-1/2 51.0 60.0 53.8

2-1/2 42.3 43.3 52.4

4-1/2 42.7 46.9 54.7

6-1/2 37.3 47.8 52.2

8-1/2 42.8 48.3 53.7

10-1/2 46.1 46.4 66.3

12-1/2 43.1 43.7 65.7

14-1/2 42.4 46.2 49.5

I
I

COMPARATIVE TEST DATA

CORRESPONfDS TO CURVES ON FIGURE 14

FIG.URE 13
[
i

, . "' * ;
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I
I

I Run No,: 646 648

Charge (Grains): 20 40

Simulant: DIP DMIIP

m Nozzle: 16 - .039" holes 16 - .039" holes

Peak Prcssure (psi): 5,200 10,800I T in_._e

j 1-1/2 31.5 48.4

2-1/2 43.6 50.1

S4-1/2 45.7 46.6

6-1/2 44.6 47.8

8-1/2 45.8 46.2

S10-1/2 45.1 47.4

12-1/2 46.0 51.5

1 14-1/2 44.7 46.1

I

I COMPARATIVE TEST DATA

CORRESPONDS TO CURVES ON FIGURE 16

I FIGURE 15"Iit



PAGE NO. 26

j - � AIRCRAFT ARMAMENTS, line. REPORT NO. ER-3U43C

,,.' Wi

- - r --

I � -- *1 *�-t-�-*� *1

.�-..-I -�. .. .

I i

I I -4

I - -�

I K..

I HI- - I .

I i.-----.--Li� K'
I . .K.:: 'I

I ...i .,

''I

F Y
I 4- �.-. -- .�

1-i.

I �

I II � I

t AA#CU

4 -. -�.........� -.------



PAGE NO. 2 7

j REPORT NO. ER-3043C
i AIRCRAFT AktMAML,'-rM. ...

I

Run No.: 218 211 220

Charge (graLns): 30 30 30

I Simulant. 107 Egg Albtnin 20% Egg Alburin 307 Egg Alu:iin

Nozzle: 16 - .039" holes 16 - .039" holes 16 - .03s" hotcis

I Peak Pressure (psi): 7,800 7,800 7,800

Time

1/2 72.6 19.0 12.7

1-1/2 58.6 22.5 17.8

2-1/2 40.5 20.4 10.3

13-1/2 33.5 16.9 6.6

¶4-1/2 20.9 11.3 4.7

6-1/2 14.0 10.6 2.8

1 8-1/2 12.6 7.7 5.2

10-1/2 19.5 6.3 1.9

j 15-1/2 5.6 4.9 0.1

20-1/2 12.6 4.2 0.3

25-1/2 5,6 2.8 1.4

. 30-1/2 4.2 --- 1.9

i
II (COMARATIVE, TEST DATA

CORRESPONDS TO CURVES ON FIGURE 18

SFIGURE 17
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The data for the second s,'rles of egg albumin shots with 20 :.rains of

propellant is listed in Figure 19. These shots were again made with 10, 20

and 30 percent concentrations of egg albumin and the results plotted in

Figure 20. In this series the percent fill-airbornc of the 10 percent alwu:-iin

shot was again about 150 percent higher than the 30 perctnt alburain shot.

However, the 20 percent albumin shot gave pcrcent fills-air!)orne which we.re

slightly higher than the 10 percent albunin shot. An overlay of the tu.o setts

of curves indicates that the increase in charge had no significant effect on

the percent fills-airborne e::cpt in the case of the 10 r(rck.nt alburvin shot.

In this case there was approximately a 50 percent increase in the percent fill-

airborne.

j The fourth series of shots was made using BIS (2 ethlvlliexyl) Hydrogen

Phosphite as the simulant. The data for this series fired with the 9 2-hole

nozzle with 20 and 30 grains of IMR 5010 propellant, respectively, is given

in Figure 21. The curves of the percent fills-airborne shown in Figure 22

indicate that there was no significant diff.rence in the fills-airborne tl.ti.ec.n

the two propellant charges.

One other group of data in Figure 23 shows the results of three tests

made with BIS as the simulant fired at a peak pressure of 35,000 1-,i. The

first shot was made with the venturi orifice nozzle, the second with the 16-hole

nozzle and the third with the 16-hole nozzle and hardware arranged to give a

low capacity of simulant volume. Curves of these shots showing the respective

percent fills-airborne are given in Figure 24. Of the three shots, the venturi

I
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I
Run No.: 224 209 252

Charge (grains): 20 20 20

I Simulant: 10% Egg Albumin 20% Egg Alhuiin 30% Egg Albtwlin

Nozzle: 16 - .039" holes 16 - .039" hoIcs 16 - .039" holes

I Peak Pressure (psi): 5,200 5,200 5,200

I T ime

1/2 15.1 14.1 6.3

1 1-1/2 15.1 19.0 4.8

2-1/2 12.3 14.8 4.3

3-1/2 8.2 12.0 3.0

4-1/2 19.2 14.1 3.8

6-1/2 8.2 10.6 1.5

8-1/2 9.6 11.3 1.8

10-1/2 13.7 11.3 1.9

15-1/2 4,1 8.4 1.5

20-1/2 11.0 2.1 1.2

25-1/2 9.6 6.3 1.2

30-1/2 5.5 6.6 1.4

COMPARATIVE TEST DATA

CORRESPONDS TO CURVES ON FIGURE 20

i FIGURE 19

'I !
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AIRCRAFT AtAiAMiNVrO. Inc.

I -

I Run No.: 649 650

I Charge (grains): 20 30

Simulant: BIS BIS

Nozzle: 92 - .016 holes 92 - .016 holes

Peak pressure (psi): 5,200 7,800

Time

1/2 6.4 11.7

1-1/2 3.9 3.4

12-1/2 1.8 2.8

3-1/2 1.2 1.9

4-1/2 1.1 1.7

6-1/2 0.8 1.2

8-1/2 0.6 0.9

10-1/2 0.5 0.8

15-1/2 0.3 0.5

20-1/2 0.3 0.3

25-1/2 0.2 0.3

30-1/2 0.1 0.3I

F COMPARATIVE TEST DATA

CO, ISPONDS TO CURVES ON FIGURE 22

7 2
flVI 2

11 __ _
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I

Run No.- 673 675 676

Charge (grains): 185 220 170

Simulant: BIS BIS BIS (L.C.)

Nozzle: Venturi 16 - .062 holes 16 - .062 holes

Peak Pressure (psi): 35,000 35,000 35,000

I Time

1/2 27.6 44.1 98.6

1-1/2 44.8 35.8 21.5

1 2-1/2 11.0 24.8 12.0

3-1/2 4.8 20.4 8.1

S4-1/2 2.8 16.4 6.2

6-1/2 1.7 11.7 4.3

8-1/2 13.8 9.5 ----

1 10-1/2 6.9 8.0 3.1

15-1/2 0.7 6.6 2.7

j 20-1/2 0.0 4.4 1.2

23-1/2 0.0 4.0 0.8

30-1/2 0.0 3.3 0.6

I
j COMPARATIVE TEST DATA

CORRESPONDS TO CURVES ON FIGURE 24

4 FIGURE 23i |I~mz2LA
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I
nozzle gave thO poorest results. The low ce:lacity shot gave percent fill-airborne

data approximately 150 percent above results for the venturi nozzle. The

standard 16-hole nozzle shot produced percent fill re.ults about 175 percent

i above the low capacity unit.

The results of the dry powder shot are given in Figure 25. A plot

of these results in Figure 26 shows that this unit gave a percent fill-air,'urne

that comp~ires very well with all previous egg albumin shots in a slurry. av-

cause this unit was tested with nitrogen pressure less than half of the pressure

i used for tests at Aircraft Armaments, Inc., it is felt that highur yielhs cmn

be ob)tained from this unit under proper conditions.

Analysis of all the curves indicates that for a particular skries

of shots an increase in peak pressure will produce higher perccntages of fill-

airborne. However, for a particular simulant fired at corresponding charp's,

little data is available for making comparisons between shots "made with '!ifftre-r.t

nozzles. The only such data available is on the high pressure unit using f;IS

as the sirulant and two low pressure shots with DM]P. In the cise of the DMQlP

there was no significant gain in the percent fill-airbrne !,tu.evn the 6 am 16

hole nozzles. In the results of the high pressure shots, the standard 16-hole

nozzle gave fill percentages above the other two units tested, the low capacity

unit and the venturi orifice nozzle.

In the slurry shots the most important variable in producing higher

airborne yields was the percentage of egg albumin presert in the slurry.

ComnpTrison of the two series of shots fired at different peak pressures shows

Sthere was no appreciable difference in yield except in one case, that of the

10 percent egg albumin shot.
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;I

Run No.: 371

Charge (grains): 30

I Simulant Dry Egg Albumin

200 psi Nitrogen

I Time (minutes)

1 72.3

4 23.3

J 8 14.2

12 9.0

I 15-1/2 6.5

1 21 5.2

28 3.9

I
I
I

COMPARATIVE TEST DATAI CORRCESPOHDS TO CURVE IN FIGURE 26

[ lFIGURE 25

, ...4 + .
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High speed motion pictures, of tests made with the high prrssure

fiLture, indicate that the cloud formations troduced at those pressures is very

tall, between 15 and 25 feet. This action could well be causing a vwry rmeasure-

able portion of simulant to be depoqited on the walls ind ceiling of the test

chamber. The unit has been set to fire diagonally across the chamber at an

angle of a'out 30 degrees to the floor to minimize this pro',leri. |lwev, r,

whenever foil sheets are placed in the chamber, some evidence of this i',l'action

on the walls and ceiling is still noted.

Throughout testing on this program it was noted that an increiise in

pressure which in turn j'roduced an increase in flow rate for a given nozzle

configuration produced better results with regard to percent fill-air!lorne.

These increases in flow rate produced corresponding decreases in stroke time

for the various units tested. Throughout testing stroke times varieJ! from

40 milliseconds down to about 4 milliseconds for shots made at the Am'y Chemical

Center. However, stroke times of .6 seconds were obtained in the shots where

the .010 inch diametor hole nozzle was used. Figure 27 is a tabulation of

Srepresentative shots made at the Army Chemical Center for which cLorrt sponding

time-pressure curves are shown in Figures 28, 29, 30, 31, 32, 33, 34, 35, 36

and 37%

The degree of volatility of the simulant appears to he one of the

most important factors in determining the particle sizes produced and therefore

the effectiveness of the unit to realize high percentages of fill-airborne.

For example, the shots fired with IXHP at the relatively low pressures of the

early test fixture gave percent fills-airborne, that were on the average 800

F
U
Z
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I Charge
Shot No. (,rains) Slmttlant Nozzle

S1 35 DM}[P 6 - .0625" dia. holes

2 37 DMIP 6 - .0625" dia. holes

[3 20 DMHP 6 - .0625" dia. hoLbs

4 30 DM"IP 6 - .0625" dia. hol, s

5 40 DMHP 6 - .0625" dia. hol's

0, 20 DM1P 16 - .039" dia. hohs

7 40 DMIP 16 - .039" dia. holes

18 20 107, Egg Albumin 16 - .039" dia. holes

9 20 15,% Egg Albumin 16 - .039" dia. holhs

1 0 20 20% Egg Albumin 16 - .039" dia. hohs

11 20 30% Egg Albumin 16 - .039" dia. holcs

12 30 10% Egg Albumin 16 - .039" dia. hults

13 30 15% Egg Albumin 16 - .039" dia. holhs

14 30 20% Egg Allu:lin 16 - .039" (!ia. holes

15 30 307. Egg Albumin 16 - .03)" 0ia. holes

16 20 BIS 92 - .016" dia. iobI

17 30 11IS 92 - .016" cia. holes

18 185 BIS Venturi NozzLe

( 19 220 BIS 16 - .0625" din. holes

20 170 BIS (low capacity) 16 - .0625" dia. oleosI
TABULATION OF REPRESENTATIVE TLME-PRESSURE CURVES

I FIGURE 27

!
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I Shot #1

Liquid Pressure in

S0 lbs. per sq. in.
3730
7460

9550 
11100

47751 0

Gas Pressure in
lbs. per sq. in. 0 10 20 30 40

time in milli4econds

[
[
[

[ Shot #2

Liquid Pressure in
Lis. per sq. in.I10920 0

9100 2008

7280 4016

5460 6024

3640 8032

1820 10040

Gas Pressure in

lbs. per sq. in. 3 1u 20 30 40

I time in milliseconds

I C.

- . . .n-.i . . ." -4 ." '
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i1 
Shot #3

Liquid Pressure in
0 lhs. per sq. in.

3180
6360

Gas Pressure in 6120
lbs. per sq. in. 3060

0

*0 20 40 60 80I 
time in milliseconds

[
i
I

Shot 4

Liquid pressure in

8640 lbs. per sq. in.

7200
"5760 1478
4320 2940

G2s Pressure In So 4410lbs. per sq. in. 1440 5680
0 7350

0 10 20 30 40
time in milliseconds

I
TIMQ-FPun=~l CuRVm

i FIGUrom 29

[vI. • ",- " •- .• . . •,' ""• .- •
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SShot #5 Liquid Pressure in

lbs. per sq. in.

I0
3745

i 7490
11184 11235
7456

Gas Pressure in 3728

lbs. per sq. in. 0
0' 10 20 3i 40

time in milliseconds

I
I
I

Shot #6I
Liquid Pressure in

S30 lbs. per sq. in.

3320
3660 6640
4330

Gas Pressure in 0
lbs. per sq. in.

S10 20 30 40

time in milliseconds

4,4

S . .. ....... .. ..

,ii
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I Shot #7

I Liquid Pressure in

lbs. per sq. in.
0

4250I10800 8300
5400 12550

Gas Pressure in 0I ~ ~~~lbs. per sq. in.0 102 304

I time in milliseconds

I Shot 08

0 Liquid Pressure i~
2300 lbs. per sq. in.

5760 4600
4320
2880
1440

Gas Pressure in 0

lbs. per sq. in 1 10 20 30 40
time in milliseconds

:11 ~TDm.IUSSV URMuai

I flpU 31

p.-V
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hot #9

Liquid Pressure in

0 lbs. per sq. in.I 3060

6120

5200
2600

Gas Pressutre in 0

lbs. per sq. in.* 0 1e0  2030 40

Shot #10

Liquid Pressure in
lbs. per sq. in.

Leak

5500
3700
1850

Gas Pressure in
lbs. persq. ini. G10 20 30 40

timei ~*1 miIconds

A *
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'I Shot #11

1 0 Liquid Pressure in
2190 lbs. per sq. in.
4380

17080 6570
4720
2360

Gas Pressure ina 0*1lbs. per sq. in. W-LI ~time. in milliseconds

S-bat #.12
Liquid Pressure in

0 lbs. per sq. in.
8875 1830
7,100 3660
5m2 5490
3550 7320

lbs. OT e. to.0 -1 20 30 40
tim tu millivecoads

rlCa 333

AI

4 A4

4 ~.-N
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Shot #13

Liquid Pressure in
0 lbs. per sq. in.

8650 1775
6920 3550I5190 5325
3460 7100

Gas Pressure ini 1730Ilbs. per sq. in. 0
9 10 20 3,0 40
time in milliseconds

Shat 114

Liquiid Pressure ir
0 ~lbs. per sq.' in.

1970
3940
59L0

low0 7880

Gas Pressure in 0
16.. per sq.. in. 46

11s~u~sm f luu
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I hot #15
Liquid Pressure in1 lbs. per sq. in.

2540
9440 5080I7080 7620
4720

Gas Pressure in 2360Ilbs. per sq. in.* 0 10 20 30 40I time in milliseconds

I ~Shot'#1.6

Liquid Pressure ir
0 tbs. per sq. in.1 3260

66520

Gas Pressure in 36
tbs. per sq. jIn.0

tiea iliuou ds

x..

ý1
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Shot lb.#e1s.7n

0 Liquid Pressure~ in

7800100
3900

0
Gas Pressure in 4

lbs. par sq. in. time in milliseconds

Shot #18

0 Liquid Pressure ir
15300 tbs. per sq. in.
30600
45900

45600

Gas 1reussw. in 15200
lbs. per sq. in. 0 2ý0 '30 40

r times in aillisecofdu

m~am 36
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I Shot #19

0 Liquid Pressure in
160 lb.. per sq. in.

j 48000

47700
31800

I ~Gas Pressure in 190 2 0 mlieodIbs per s.i.tm nmlieod

j Shot #20

0 Liquid Pressure in
16000 Lbs. per sq. ii.
3200
48000

1 47700
31800

tiie~ ia mlliseonuds

4 I ," v 7
X", ~ t

'I, -- V

UWjM

Af A',1sims
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percent above the best of the high pressure shots made with 31S as the simtul.art.

I The DfW shots also yielded perccntage fills-airborne averaging approximiately

350 percent higher than shots with slurries of egg albumin in carlion tctra-

I chloride. These results tend to substantiate our basic rrcr.ise that fur a giv,,n1

nozzle configuration the particles formed ivitially, of bny si ul1:art, art- of

the same size in microns (MtD). Hlowever, the high, r evaporation rate of the

more volatile simiulants is responsible for the rapit! breakdown into stral]

particles, thereby producing higher vapor yielhs for ion:; ti:ie int. rvals.

A comparison of FigureA 14 and 16, usin4 DV[P as the si.,uiort, ;.:tv:•s

practically no difference in the percent fills-airborne bctween the 6 and 16

hole nozzles fired with propellant charges producing ti'e same peak pre'ssures.

The orifice areas of these two nozzles have also been set equal to each oth,.r

to maintain an equal flow rate and stream velocity htween them. Thcr,!fore, the

Sonly variables which could have produced higher pvrc, ntagcs of fill-air')ornc

were the number and size of holes. Because the higher yields that it was felt

the smaller holes would produce were not realized, an explanation was sught.

Studies of cloud formation between the two nozzles showed that the stream

velocities of the 16 hole nozzle were below those of the 6 hole nozzle. This,

then, showed that the lower discharge coefficient related with more orifices

of smaller cross section was responsible for an actual decrease in flow rate

and stream velocity.

.

ii
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I
IV. CONCLUSIONS AND RECOMENDATIONS

I The data which has been surplied by the Army Chemical Center has been

carefully. studied and combined with results of correspntding tests conducted at

the Aircraft- Armaments, Inc. test facilities to determine the dissemination

characteristics of the various units.

Analysis of the data collected shows thint, by far, the best results

j were obtained with the volatile simulant, DMOWP. This is due to the fact that

Mhe more volatile simulants are able to vaporize much more rapidly than non-

I volatiles once they are released into the atmosphere.

I The increases in charge, hence peak pressure, for sevwral of the MULP

shots gave percent fills-airborne that were significantly higher, approxiontely

I 15 percent for each increase of 10 grains of propellant. These results are

explained by the higher stream velocities produced which, as was ex:plained

I earlier, is a major factor in the production of small particles in the

collision between liquid stream and air. Although no tests of the hi.,h pressure

fixture were made at the Army Chemical Center using DMHP as the sinaulant, thcre

is every reason to believe that the pressures produced would give results which

would approach 100 percent total airborne yield.

I Tests on DtUW to compare results obtained from firing corresponding

shots through different nozzles showed no appreciable gain in yield from nozzles

with more holes of a smaller diameter.

In the egg albumin slurry shots, increases in charge and decreases in

egg albumin percentage in the slurry both led to higher percentages of fill-

Iv airborne. However# the results of these tests were in the range well below

I
U • hnml
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I desired results. For this reason, the large percentile gains between corres-

ponding shots has little meaning.

The high pressure fixture, tested only with VIS as the siulant, did

not produce particles in the range desired as shown by the results on yield from

Army Chemical Center tests. However, it is believed that the incre sed pressurk-s

I and stream velocities of this unit may be responsible for a high degree of

impaction of simulant on the walls and ceiling of the chamber. The unit rmy,

therefore, produce the desired results if tested in the field or in a chamber

more nearly fitting the configuration of the cloud produced by this init.

In order to determine conclusively the ability of Telecartridge cup

I sealed dispensers to produce small aerosol particles it is felt by this con-

i tractor that further tests should be conducted. These tests would involve

the use of a spherical high pressure fixture similar to that illustrated in

[ Figure 38.

Among the things to be investigated in these tests would be further

I studies of nozzle configuration. To be considered are single small hole nuzzles,

with holes on the order of .010 of an inch in diameter, nozzles with varying

numbers and patterns of these small holes, a nozzle incorporating an aerator

device to force a Jet of air into the liquid stream to aid in the production

of small aerosol particles, and other designs.

I It is proposed that additional investigation be directed toward (I)

non-volatile fluid, (2) volatile fluid, (3) dry powder. (4) dry powder - volatile

fluid suspension and (5) dry powder - volatile fluid solution.i
a. . ., • ' : ,
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d.- ---- ... . Upper Hemisphere

- '

"Breech Hemisphere
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"...... .................................... iPropellnt

' I

S.. .. .. .. . . .. .. ..... .. .......... . . P r im e r

SFiring Pin

-•J l., ...... ............. ... ..,Initiator

< .J •

?!EERICAL TELECARTRIDCE CUP SEALED TEST FIXTURE

FIGURE 38
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m AS�CStAk1 Abib�AM5ZlTh.I Among othc�r parameters to he investigated it is also felt that some

g tests should be made experint.mting with diffcrent propellants to produce a

burning rate which would give the beat rise to peak pressure and the slowest

I rate of pressure decay. This higher average pressure would nean that a larg..'r
percentage of the simulant would be expended through the nozzle at a higher

I pressure. This would give rise to higher stream velocities, for givcn nozzlis,

which has been shown to be the most important factor in producing si'iall particles.

It is further felt that this testing be done with simulants of the non-volatile

I category.

I
[
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